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GLDJUDP )$'PHWKRG DQG VLPSOLILHG IDFWRU PHWKRG %XW WKHVH VDIHW\ DVVHVVPHQW PHWKRGV KDYH WKHLU SRWHQWLDO
GLVDGYDQWDJHVVXFKDVUHODWLYHFRPSOH[LW\DQGOLPLWHGDSSOLFDWLRQV
)$' PHWKRG ZDV ILUVW GHYHORSHG E\ WKH CEGB DQG LW LV RQH RI WKH PRVW ZLGHO\ XVHG VWUXFWXUDO LQWHJULW\
DVVHVVPHQWPHWKRGVFXUUHQWO\1RZWKH5>@DVVHVVPHQWRI WKHLQWHJULW\RIVWUXFWXUHVFRQWDLQLQJGHIHFWV LVDW
UHYLVLRQ  7KH )$' LV ERXQGHG E\ xD[LVLr yD[LVKr SODVWLF FROODSVH FXWRII DQG WKH FXUYHZKLFK LV FDOOHG
µ)DLOXUH$VVHVVPHQW&XUYH¶)$&7KLVFXUYHGLYLGHVWKHDVVHVVHGDUHDLQWRDVDIHUHJLRQDQGDQXQVDIHUHJLRQ,I
WKHDVVHVVPHQWSRLQW DVV DVVU U/ .  OLHVZLWKLQWKHVDIHUHJLRQIDLOXUHZLOOEHDYRLGHG,IWKHSRLQWOLHVLQWKHXQVDIHUHJLRQWKHQWKHIDLOXUHFULWHULRQZLOOEHYLRODWHGDQGDPRUHUHILQHGDQDO\VLVRUUHPHGLDODFWLRQVKRXOGEHSHUIRUPHG
$VVKRZQLQ)LJ$LVDVDIHSRLQW%LVDQXQVDIHSRLQWDQG&LVDQLQLWLDWLRQSRLQW'HVSLWHULJRURXVWKHRU\DQG
VLPSOH DSSOLFDWLRQ LW QHHGV IUDFWXUH RU OLPLW ORDG DQDO\VLVZKHQ WKH )$'PHWKRG LV DGRSWHG WR DVVHVV GHIHFWLYH
VWUXFWXUH6RWKHDSSOLFDWLRQRI)$'PHWKRGUHTXLUHVVWURQJSURIHVVLRQDONQRZOHGJHLQHQJLQHHULQJSUDFWLFH


)LJ6FKHPDWLFGLDJUDPRIWKH)$'
6LPSOLILHGIDFWRUPHWKRGLVDQRWKHUPHWKRGWRHYDOXDWHWKHVDIHW\RIWKHGHIHFWLYHSLSLQJASME Z IDFWRUPHWKRG
>@LVDW\SLFDOUHSUHVHQWDWLYH$LPLQJDWVSHFLILFQXFOHDUSRZHUSLSLQJWKHZ IDFWRUPHWKRGLVHVWDEOLVKHGEDVHGRQ
WKDWGXFWLOHWHDULQJORDGLVFRQVLGHUHGDVWKHFULWLFDOORDG&RPSDUHGZLWKWKH)$'PHWKRGWKHZPHWKRGDEDQGRQV
FRPSOH[HODVWLFSODVWLFIUDFWXUHPHFKDQLFVDQDO\VLV%HVLGHVWKHZIDFWRUPHWKRGLVPRUHFRQYHQLHQWDQGSRVVHVVHV
JUHDW HQJLQHHULQJ VLJQLILFDQFH %XW LW LV EXLOW IRU VSHFLILF QXFOHDU SLSH DQG QRW DSSOLHG WR HYDOXDWH WKH VDIHW\ RI
FRPPRQSUHVVXUHSLSHV
7KHUHIRUH RQ WKH EDVLV RI R6 revision 4 WKH JHQHUDO IDLOXUH FXUYH WKLV SDSHU GLVFXVVHV WKH SRVVLELOLWLHV DQG
DSSOLFDELOLW\RIHVWDEOLVKLQJDQHZVLPSOLILHGIDFWRUPHWKRGQDPHGQIDFWRUHQJLQHHULQJHYDOXDWLRQPHWKRGLQWKLV
SDSHUIRUFRPPRQSUHVVXUHSLSLQJFRQWDLQLQJGHIHFWVE\GHGXFLQJDQGVLPSOLI\LQJ
3URSRVLQJWKH4IDFWRUPHWKRG
,Q JHQHUDO IDLOXUH PRGH RI SUHVVXUH SLSLQJ ZLWK GHIHFWV LV FODVVLILHG DV IUDFWXUH GRPLQDWHG DQG FROODSVH
GRPLQDWHG&RQVLGHULQJSULPDU\VWUHVVRQO\VDIHW\DVVHVVPHQWRIGHIHFWLYHSUHVVXUHSLSLQJFDUULHGRXWE\WKH)$'
PHWKRG LVVKRZQDVIROORZ$VVKRZQ LQ)LJD LI IDLOXUH LVFRQWUROOHGE\IUDFWXUHDVVHVVPHQWSRLQW$PRYHV
DORQJ WKH UD\ 2; DQG WKH UD\ 2; LQWHUVHFWV ZLWK )$& DQG FXWRII OLQH PD[UL DW SRLQW 3
LQ LQ
U/ . U DQG SRLQW 0
PD[ PD[
U U/ .  UHVSHFWLYHO\$VVKRZQLQ)LJELIIDLOXUHLVFRQWUROOHGE\FROODSVHDVVHVVPHQWSRLQW%PRYHVDORQJ
WKHUD\2<DQGWKHUD\2<LQWHUVHFWVZLWK)$&DQGFXWRIIOLQH PD[UL DWSRLQW4
LQ LQ
U/ . U DQGSRLQW1
PD[ PD[
U/ . U
UHVSHFWLYHO\
7KDWLVZKHQIDLOXUHRIGHIHFWLYHVWUXFWXUHLVFRQWUROOHGE\IUDFWXUHWKDWLV PD[ LQU. .!U WKHLQLWLDWLRQSRLQWLVWKH
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LQWHUVHFWLRQ LQ LQ
U U/ .  RI WKH ORDGLQJ OLQHWKHUD\2;DQG)$& WKHIDLOXUHFULWHULRQFDQEHZULWWHQDV 
DVV LQ
U U. .d DW
SUHVHQW:KHQIDLOXUHRIGHIHFWLYHVWUXFWXUHLVFRQWUROOHGE\SODVWLFFROODSVHWKDWLV PD[ LQU. .U WKHLQLWLDWLRQSRLQWLV
WKHLQWHUVHFWLRQ PD[ PD[U U/ .  RIWKHORDGLQJOLQHWKHUD\2<DQGFXWRIIOLQH
PD[/ U WKHIDLOXUHFULWHULRQFDQEHZULWWHQ
DV DVV PD[
U U. .d DWSUHVHQW

 
 D)UDFWXUHFRQWUROOHGIDLOXUH E/LPLWORDGFRQWUROOHGIDLOXUH
)LJ'HILQLWLRQRI4IDFWRUEDVHGRQ)$'
7KHUHIRUHQ IDFWRULVGHILQHGEDVHGRQ)$'PHWKRGDVIROORZ
PD[
U
LQ
U
.4
.
   
,IQ!IDLOXUHLVFRQWUROOHGE\IUDFWXUH
,IQ IDLOXUH LV FRQWUROOHG E\ SODVWLF FROODSVH 7KDW LV DSSOLHG ORDG UHDFKLQJ WKH OLPLW ORDG RI VWUXFWXUH LV
FRQVLGHUHGDVIDLOXUHWKHQQ LVVHWLPPHGLDWHO\
7KXVWKHIDLOXUHFULWHULRQFDQEHH[SUHVVHGXQLIRUPO\DVIROORZV
PD[
DVV U
U
..
4
d   
$FFRUGLQJWR(TLI PD[U. DQGQDUHGHWHUPLQHGVDIHW\HYDOXDWLRQRISUHVVXUHSLSHFRQWDLQLQJGHIHFWVFDQEH
DFFRPSOLVKHG7KHQWKHIROORZLQJZLOOVSHFLI\WKHHVWDEOLVKPHQWRIWKHQIDFWRUPHWKRGRISUHVVXUHSLSHFRQWDLQLQJ
GHIHFWV
(VWDEOLVKLQJWKH4IDFWRUPHWKRGIRUGHIHFWLYHSUHVVXUHSLSLQJ
3.1. Defect model and applied load 
7KLVSDSHUPDLQO\DLPVDWLQWHUQDOVXUIDFHFLUFXPIHUHQWLDOGHIHFWDQGWKHGHIHFWLVXQLIRUPO\GHILQHGDVFRQVWDQW
GHSWKLQWHUQDOVXUIDFHFLUFXPIHUHQWLDOIODZDVVKRZQLQ)LJ
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/RDGV RI SUHVVXUH SLSH LV UHODWLYHO\ FRPSOH[ DQG LQWHUQDO SUHVVXUH PRPHQW DQG VHOIJUDYLW\ QHHG WR EH
FRQVLGHUHGLQJHQHUDO6LQFHWKHHIIHFWRID[LDOVWUHVVRQFLUFXPIHUHQWLDOIODZLVPRUHVLJQLILFDQWLQSUHVVXUHSLSLQJ
FRQWDLQLQJ FLUFXPIHUHQWLDO GHIHFW WR IDFLOLWDWH HQJLQHHULQJ VDIHW\ DVVHVVPHQW LW LV DOZD\V VLPSOLILHG LQWR D[LDO
VWUHVVLQFOXGLQJD[LDOPHPEUDQHVWUHVVımDQGEHQGLQJVWUHVVıbDFFRUGLQJWR5>@$60(>@,QWKLVVWXG\
VHFRQGDU\VWUHVVLVQRWFRQVLGHUHG
3.2. Realization of the Q factor method 

)LJ6FKHPDWLFGLDJUDPRIFLUFXPIHUHQWLDOLQWHUQDOVXUIDFHIODZ
7KHNH\RIWKHQIDFWRUVDIHW\DVVHVVPHQWPHWKRGIRUSUHVVXUHSLSHFRQWDLQLQJGHIHFWVLVWRGHWHUPLQH PD[
U. DQGQ
3.2.1. Determined 
PD[
rK  
PD[
U. LV U. ZKHQVWUXFWXUHUHDFKHVSODVWLFOLPLWORDGVWDWH$FFRUGLQJWRWKHDuctile Fracture Handbook>@
PD[
U. 
RISUHVVXUHSLSHZLWKFRQVWDQWGHSWKLQWHUQDOVXUIDFHFLUFXPIHUHQWLDOIODZFDQEHFDOFXODWHGDVIROORZ
PD[ P P/ E E/
U
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< <  D.
.
V  V S   
LQZKLFKWKHVKDSHIDFWRUYmYbDUHIXQFWLRQRIDWșʌDQG LV LVWKHPD[LPXPSULPDU\VWUHVVımLDQGıbL VXP
FRUUHVSRQGLQJ WR WKH SODVWLF OLPLW ORDG VWDWH ,I
/V LV GLYLGHG E\ IORZ VWUHVV IV  DQG /V LV GLPHQVLRQOHVV DQG
H[SUHVVHGDV
IV LVGHILQHGDV \ X V V 
LQWKLVSDSHU
/
I
VV 
V   
LQZKLFKVLVWHUPHGWKHDOORZDEOHIORZVWUHVVUDWLR
7RVXPXSLIPDWHULDOIUDFWXUHWRXJKQHVVIODZVL]HDQGVWUXFWXUHOLPLWORDGDUHJLYHQ PD[U. FDQEHGHWHUPLQHG
E\(T
3.2.2. Determined Q 
6XEVWLWXWLQJ PD[U.  WRJHWKHUZLWK
LQ
U.  LQWR(T Q YDOXHFDQEHGHWHUPLQHG7KXV WKHNH\ LV WRGHWHUPLQH
LQ
U. LQWKLVVHFWLRQ6DIHW\DVVHVVPHQWRIGHIHFWLYHVWUXFWXUHLVFDUULHGRXWE\WKH)$'PHWKRG7KHLQLWLDWLRQSRLQW
1723 F. Qi and C.J. Liu /  Procedia Engineering  130 ( 2015 )  1719 – 1729 
LV WKH LQWHUVHFWLRQ LQU. RI ORDGLQJ OLQHDQG)$&IRU IDLOXUHGRPLQDWHGE\IUDFWXUHZKLOH WKH LQLWLDWLRQSRLQW LV WKH
LQWHUVHFWLRQ PD[U. RIORDGLQJOLQHDQGFXWRIIOLQH
PD[/ U IRUIDLOXUHGRPLQDWHGE\FROODSVH
$FFRUGLQJ WR WKH )$' PHWKRG ZKHQ HDFK ORDGLQJ FRPSRQHQWV FKDQJH SURSRUWLRQDOO\ DQG SULPDU\ VWUHVV LV
FRQVLGHUHG RQO\ WKH LQLWLDWLRQ SRLQW LQU. FDQ EH HQVXUHG XQLTXHO\ E\ FRQQHFWLQJ WKH RULJLQ DQG WKH SRLQW
PD[ PD[
U U/ .  RISODVWLF OLPLW ORDGVWDWH 
PD[
U. DQG
PD[/ U DUHDOUHDG\GHFLGHGDQG
PD[/ U LVGHILQHGDV I \V V 
LQ WKLV
SDSHU
7R IDFLOLWDWH HQJLQHHULQJ DSSOLFDWLRQ UHODWLRQVKLSEHWZHHQ WKH ORDGLQJ OLQH DQG LQLWLDWLRQSRLQW LQU. LVEXLOW E\
LQWURGXFLQJWKHSDUDPHWHU A
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U U/ .  LVWKH
LQWHUVHFWLRQRIORDGLQJOLQHDQG)$&LQ(TWKHSRLQWDOZD\VIDOORQ)$&WKDWLVWKHSRLQW LQ LQ
U U/ .  VDWLVILHV(T

)RUVLPSOLFLW\RIHQJLQHHULQJDSSOLFDWLRQR6 revision 4 WKHRSWLRQFXUYH LVVHOHFWHGWRHVWDEOLVK WKHQ IDFWRU
PHWKRG7KHLQWHUVHFWLRQ LQU. RIORDGLQJOLQHDQG)$&LVGHWHUPLQHGE\(T
  
U U U U. I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 /   H[S / 
      
6XEVWLWXWLQJ(TLQWR(TWKHUHODWLRQVKLSEHWZHHQADQG LQU. FDQEHREWDLQHGIURP7DEOH
7DEOH7KHUHODWLRQVKLSEHWZHHQ A DQG LQ
U. 
$ LQ
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LQ
U. 
   
   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   
   
   
   
   
   
   
   
   

,QEULHILQLWLDWLRQSRLQW LQU. FDQEHGHWHUPLQHGE\7DEOH7KHQ Q FRXOGEHFDOFXODWHGE\(T,IQ!IDLOXUH
LVGRPLQDWHGE\IUDFWXUH:KLOH QIDLOXUHLVGRPLQDWHGE\FROODSVHWKHQQ LVVHWGLUHFWO\
5HOHYDQWSDUDPHWHUVRIWKH4IDFWRUPHWKRG
,Q WKH SURFHVV RI HVWDEOLVKLQJ WKH Q IDFWRU PHWKRG DERYH PDQ\ YDULDEOHV DUH LQYROYHG DQG WKH SURFHVV LV
FRPSOLFDWHG 7KHUHIRUH WKH IDFWRU RIV 
PD[
U. DQG WKH IDLOXUH FULWHULD RI VDIHW\ DVVHVVPHQW QHHG WR EH VLPSOLILHG
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IXUWKHUIRUHQJLQHHULQJHYDOXDWLRQ
4.1. Simplified the allowable flow stress ratio V  
7KHDOORZDEOHIORZVWUHVVUDWLRV DQGORDGUDWLRȜDUHGHILQHGDVIROORZV
P/ E//
I I
V VVV  
V V   
P
E
VO 
V   
FRPELQHG(TZLWKOLPLWORDGIRUPXODVLQWKHDuctile Fracture Handbook>@FDQREWDLQ
P/ E/ E//
I I I
   D    VLQ VLQ 
W
V V VVV    O   O  E D
V V V S  
LQZKLFK 

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T EdS­
® T E!S¯
T
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S E
ˈ
ˈ
ș

LVKDOIWKHDQJOHVXEWHQGHGE\WKHFUDFNDQGȕLVKDOIWKHDQJOHVXEWHQGHGE\WKH
QHXWUDOD[LVRIWKHSUHVVXUHSLSLQJFRQWDLQLQJFLUFXPIHUHQWLDOGHIHFW
%DVHG RQ (T  WKLV SDSHU FDOFXODWHVV RI SUHVVXUH SLSLQJ FRQWDLQLQJ GHIHFWV DQG SUHVHQWV V YDOXH XQGHU
GLIIHUHQW GHIHFW VL]HV Ȝ  DV VKRZQ LQ 7DEOH  WR  $OVR V FDQ EH GHWHUPLQHG E\ OLQHDU
LQWHUSRODWLRQIRURWKHUFDVHVQRWOLVWHGLQWKHVHWDEOHV
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WRZLWKWKHLQFUHDVHRIORDGUDWLRȜ
7DEOHV RISUHVVXUHSLSLQJZLWKGLIIHUHQWGHIHFWVL]HV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)LJ(IIHFWRIORDGUDWLRȜRQV 
7KLVSDSHUDLPVDWPHWKRGVVWXG\RIVDIHW\DVVHVVPHQWRISUHVVXUHSLSLQJFRQWDLQLQJGHIHFWV7KHUHIRUHV ZKLFK
LVSUHVHQWHGLQ7DEOHWKURXJKFDQEHVLPSOLILHGLQWRWKHPLQLPXPIORZVWUHVVUDWLRZLWKWKHVDPHș/ʌǃa/t
DQGGLIIHUHQWORDGUDWLRȜȜDVVKRZQLQ7DEOH$QGV SUHVHQWHGLQ7DEOHLVQDPHGWKHJHQHUDODOORZDEOH
IORZVWUHVVUDWLR
7DEOH*HQHUDODOORZDEOHIORZVWUHVVUDWLRV Ȝ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4.2. Simplified PD[rK  
:KHQ D[LDOPHPEUDQH VWUHVV RQ SLSH FURVVVHFWLRQ ım UHDFKHV WKH OLPLW VWUHVV ımL DQG EHQGLQJ VWUHVV RQ SLSH
FURVVVHFWLRQ ıb UHDFKHV WKH OLPLW VWUHVV ıbL WKH HQWLUH VWUXFWXUH UHDFKHV WKH SODVWLF OLPLW VWDWH $FFRUGLQJ WR WKH
Ductile Fracture Handbook>@ PD[U. FDQEHGHILQHGE\(T,QZKLFKVKDSHIDFWRUYmYbDUHIXQFWLRQRIDW
șʌ:KLOHQRPDWWHUZKDWWKHGHIHFWVL]HLVYmLVDOZD\VVOLJKWO\JUHDWHUWKDQYbDQGWKHGLIIHUHQFHLVOHVVWKDQ
,QRUGHUWRFDOFXODWHVLPSO\YbLVUHSODFHGZLWK YmXQLIRUPO\6R(TFDQEHH[SUHVVHGDV
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7KHQ PD[U. FDQ EH GHWHUPLQHG E\ FRPELQLQJYmV ZLWK(T$QG(T FDQ EH VLPSOLILHG E\ LQWURGXFLQJ
SDUDPHWHU CZKLFKLVGHILQHGDV mC Y a tS C FDQEHREWDLQHGIURP7DEOH(TWKHQEHFRPHV
PD[ I
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4.3. Further simplified the failure criterion  
)DLOXUHFULWHULRQRIVDIHW\DVVHVVPHQWRISUHVVXUHSLSLQJFRQWDLQLQJFLUFXPIHUHQWLDOVXUIDFHGHIHFWLVJLYHQLQ(T
 %HFDXVH RI DVVDVV P
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.
V S  WKH\ DUH VXEVWLWXWHG LQWR (T  DQG VLPSOLILHG 7KHQ WKH
IDLOXUHFULWHULRQLVVLPSOLILHGWR
/
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7KHHVWDEOLVKLQJSURFHVVRIWKH QIDFWRUDSSURDFKLVVSHFLILHGDERYH7KH Q IDFWRUPHWKRGLVMXVWEXLOWXSWKURXJK
VRPHFRQVHUYDWLYHVLPSOLILFDWLRQEDVHGRQ5)$'PHWKRGDQGLWLVDQHIILFLHQWVDIHW\DVVHVVPHQWPHWKRGEXLOWDQG
JLYHQLQPRUHDFFHSWDEOHIRUPLQHQJLQHHULQJDSSOLFDWLRQ7KHQIDFWRUPHWKRGLVFRQVLVWHQWZLWKWKH)$'PHWKRG
LQHVVHQFHVRLWVYDOLGDWLRQLVQRWPHQWLRQHGLQWKLVSDSHU
8VHVWHSVRIWKH4IDFWRUPHWKRG
7RIDFLOLWDWHXQGHUVWDQGLQJDQGDSSOLFDWLRQWKHIROORZLQJJLYHVXVHVWHSVRIWKHQIDFWRUPHWKRG
 $FFRUGLQJWRIODZVL]Ha/tǃș/ʌ,XVLQJ7DEOHWRGHWHUPLQHWKHFRHIILFLHQWVC7KHQVXEVWLWXWHLWLQWR(TWR
GHWHUPLQH PD[U. 
 8VLQJ PD[U. FDOFXODWHGIURPVWHSDQG
PD[
U/ YDOXHAFDQEHGHWHUPLQHGE\(T7KHQ
LQ
U. LVGHWHUPLQHG
E\7DEOH
 &DOFXODWHWKHQIDFWRU7KDWLV
PD[
U
LQ
U
 IUDFWXUH GRPLQDWHG
4  
 FROODSVH GRPLQDWHG 4  LV VHW GLUHFWO\
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V
V d LV VDWLVILHG WKHGHIHFW LV DFFHSWDEOH2WKHUZLVH DPRUHDGYDQFHGHYDOXDWLRQPHWKRGRU UHPHGLDO
DFWLRQVKRXOGEHSHUIRUPHG


&RQFOXVLRQV
%DVHGRQ WKHJHQHUDO IDLOXUHDVVHVVPHQWFXUYH WKLVSDSHUGHILQHVDVLPSOLILHG IDFWRUQ DQGVLPSOLILHV UHOHYDQW
SDUDPHWHUV $ QRYHO VDIHW\ DVVHVVPHQW PHWKRG QDPHG WKH Q IDFWRU PHWKRG LV SUHVHQWHG IRU SUHVVXUH SLSLQJ
FRQWDLQLQJ FLUFXPIHUHQWLDO VXUIDFH GHIHFWV 7KH Q PHWKRG LV VLPSOH HIILFLHQW VXLWDEOH IRU VDIHW\ DVVHVVPHQW RI
GHIHFWLYH SLSLQJ RI GLIIHUHQW PDWHULDOV ,W DEDQGRQV FRPSOH[ IUDFWXUH RU OLPLW ORDG DQDO\VLV:KHQ WKHQ IDFWRU
PHWKRGLVDGRSWHGWRDVVHVVWKHVDIHW\RISUHVVXUHSLSLQJFRQWDLQLQJFLUFXPIHUHQWLDOVXUIDFHGHIHFWVLWGRHVQ¶WQHHG
WR FDOFXODWH WKH DFWXDO DVVHVVPHQWSRLQW LQFOXGLQJ IUDFWXUHSDUDPHWHUKr DQG ORDGSDUDPHWHULr :KLOHPDWHULDO
SURSHUWLHV SLSH JHRPHWU\ IODZ VL]H DQG DSSOLHG ORDG DUH JLYHQ RQO\ WKH VDIHW\ HYDOXDWLRQ FDQ EH DFFRPSOLVKHG
WKURXJKUHIHUULQJWRWDEOHV
$FNQRZOHGJHV
7KLVZRUNLVVXSSRUWHGE\WKH)XQGDPHQWDO5HVHDUFK)XQGVIRUWKH&HQWUDO8QLYHUVLWLHV
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